Purpose of review Postnatal pelvic floor muscle training aims to rehabilitate the pelvic floor muscles. To be effective, a certain exercise dosage must be respected. Recent trials evaluated the effect of different programs on prevention/treatment of urinary incontinence immediately after delivery and in treatment of persistent incontinence.
Introduction
Urinary incontinence is a common occurrence postnatally, affecting 3-38% of women [1] [2] [3] [4] [5] [6] . Whether it starts during pregnancy or immediately after delivery, it is generally a transient condition and is usually resolved within the first 3 months together with the hormonal changes and acute perineum injury sustained at delivery [1, 2] . For those with urinary incontinence persisting 3 months after a first delivery, however, there is a very high risk of long-term symptoms persisting [7] .
Postnatal urinary incontinence has been linked with injury to the connective tissue support, vascular damage to the pelvic structures, damage to the pelvic nerves, and muscles and injury to the urinary tract [4, [8] [9] [10] [11] [12] 13 ]. Several obstetric risk factors have been identified as possible contributors to the development of postnatal urinary incontinence. Growing evidence suggests that vaginal delivery may predispose to urinary incontinence more than caesarean section [1, 14, 15] . Other factors, such as parity, use of forceps or vacuum, induced labour, prolonged second stage of labour, fetal birth weight, and even pelvic floor muscle (PFM) strength and thickness, may also contribute, although their implication in the aetiology of incontinence is inconsistent [6, [15] [16] [17] [18] [19] . With or without the presence of urinary incontinence symptoms, childbirth-related damage to the continence mechanism must be taken seriously and special attention should be paid to postnatal women, as they are a high-risk subgroup for urinary incontinence.
Pelvic floor muscle training is the first-line treatment for urinary incontinence [20, 21, 22 ]. It uses graded muscle training, either alone or combined with biofeedback, electrical stimulation, and vaginal cones, to rehabilitate PFM [22 ] . The objective is twofold. The first is to teach women to precontract the PFM before and during efforts when intra-abdominal pressure increases. This is thought to stabilize the bladder neck during increased abdominal pressure such as coughing, which prevents urinary leakage through a muscle timing process [23] . The second goal is to improve PFM strength in order to build up long-lasting structural support of the pelvisby elevating thelevator plate to a higher location in the pelvis and by enhancing hypertrophy and stiffness of the PFM and connective tissues [24] . According to Bo [24] , PFM training (PFMT) could prevent perinealdescentduringincreasedintra-abdominalpressure and facilitate automatic motor unit firing. For PFMT to be effective, however, a certain exercise dosage must be respected. The types of exercise, frequency and intensity, and the duration of the training period in addition to adherence to the training protocol are of primary importance. Recommendations based on exercise science literature [24, 25] suggest three sets of eight to 12 slow maximal contractions sustained for 6-8 seconds each, performed three to four times a week and continued for 15-20 weeks. Further recommendations [22 ] concern healthcare professionals teachingthe correct PFMcontractionsandsupervising PFMT as well as adherence strategies. After Kegel's report [26] on the positive impact of PFM exercises on urinary incontinence in middle-aged women, teaching PFMT in postnatal wards has become widespread. Yet, to date, few quality studies have evaluated the impact of PFMT on urinary incontinence in postnatal women [27-30,31 ,32-36] . The present review summarizes recent studies that evaluate the effect of postnatal PFMT on the prevention and treatment of urinary incontinence immediately after delivery and in the treatment of persistent postnatal urinary incontinence.
Our comprehensive review of the English-language medical literature covered the periods from January 1966 to March 2006 using the electronic MEDLINE database, from January 1982 to March 2006 with the Cumulative Index to Nursing and Allied Health Literature (CINAHL) database, and from January 1980 to March 2006 using Excerpta Medica (EMBASE) to find articles relating to postnatal PFMT to prevent and treat urinary incontinence. The reference lists of retrieved articles were reviewed also to identity references that may not have been found in the preliminary search. All randomized clinical trials (RCTs) and quasi-RCTs (qRCTs) related to PFMT and the perinatal period were considered for inclusion and appraised for methodologic quality using the Physiotherapy Evidence Database (PEDro) Scale, developed by the Center for EvidenceBased Physiotherapy in Australia (http://www.pedro. fhs.usyd.edu.au/index.html).
Our literature search revealed three systematic reviews of PFMT for prevention or treatment of urinary incontinence in postnatal women [22 ,37,38] together with five RCTs, one qRCT, and four follow-up studies. For the purpose of this review, postnatal PFMT aiming to prevent or treat urinary incontinence immediately after delivery and to treat persistent postnatal urinary incontinence are considered separately.
Pelvic floor muscle training in the prevention and treatment of urinary incontinence immediately after delivery One qRCT [32] and two RCTs [27, 33] have evaluated postnatal PFMT to prevent or treat postnatal urinary incontinence. Only one RCT published a follow-up study [34] . Table 1 summarizes the qRCTs and two RCTs. With regard to methodologic quality, the qRCT [32] did not use an adequate randomization procedure by alternating assignment to treatment group and control group. Intervention groups were similar at baseline, however, in terms of potential risk factors for urinary incontinence such as forceps delivery and infant birth weight. Other parameters of methodologic quality (power calculation and intention-to-treat analysis) were presented, making this qRCt one of moderate quality. The RCT by Sleep and Grant [27] was of moderate methodologic quality (PEDro score 6/10) with assessors unmasked to group allocation and partial intention-to-treat analysis in which analysis was done by group assignment regardless of PFMT practice but lacking data on loss to follow-up. The RCT conducted by Chiarelli and Cockburn [33] was of higher methodologic quality (PEDro score 7/10) and had adequate randomization, concealed allocation, blinding of assessors, and intention-to-treat analysis. Significant differences characterized the three trials regarding the PFMT protocol. Sleep and Grant described a protocol with a daily individual visit from the midwifery coordinator throughout the postnatal hospitalization period. In addition, a 4-week health diary including sections recommending a specific PFMT program each week was given to the subjects. Alternatively, in the study by Meyer et al. [32] , women participated in an intensive 6-week PFMT program including two weekly visits supervised by a physiotherapist with a 20-minute biofeedback training session and a 15-minute electroneurostimulation session using an intravaginal electrode. Finally, Chiarelli and Cockburn [33] proposed a 20-minute contact with a physiotherapist on postnatal wards and a further 30-minute contact at 8 weeks postnatally. The intervention was multifaceted and incorporated a pelvic floor exercise program based on strength training along with general advice about bladder habits and care of the perineum. In addition, strategies to enhance adherence to treatment were included. Women were asked to do a maximum of six contractions three times a day. At 3 and 10 months, respectively, Chiarelli and Cockburn [33] and Meyer et al. [32] observed a difference in prevalence between the intervention and the control groups. Sleep and Grant [27] , however, did not see any difference between the two groups at 3 months. As the quality of an intervention can affect results of RCTs, clinical heterogeneity must be taken into account when combining trials [39 ] . Pooling the data from the three above trials is questionable, as their dosages of PFM training were very different. The impact of Sleep and Grant's larger trial with low-intensity intervention would dilute the effect of the other smaller, more intensive intervention trials. Based on exercise physiology principles, it is reasonable to expect that the intensive PFMT protocol supervised by a physiotherapist, as proposed by Meyer et al., may have been more effective in strengthening the PFM, thereby reducing urinary incontinence, than Sleep and Grant's protocol, which taught women how to contract the pelvic floor and then left them to perform the training themselves. In addition, because adherence to a training protocol affects the final outcome of PFMT, strategies to enhance adherence proposed by Chiarelli and Cockburn may explain the difference in results between their trial and Sleep and Grant's. Chiarelli et al.'s 1-year follow-up study [34] showed no difference in continence status between groups, but as the authors argued, it is possible that the intervention was not intensive enough.
Hence the evidence is conflicting regarding the effect of postnatal PFMT in the prevention and treatment of urinary incontinence after delivery. Supervised intensive PFMT seems to be more effective than no treatment or standard care, but it is not clear whether the effect of these PFMT protocols is sustained in the long term. Further long-term follow-up studies with a supervised intensive PFMT protocol are required.
Pelvic floor muscle training in the treatment of persistent postnatal urinary incontinence Only three RCTs [28, 30, 35] addressed the treatment of persistent postnatal incontinence, recruiting women with symptoms of urinary incontinence 3 months or more after delivery. Interestingly, all three authors have published follow-up studies [29,31 ,36] . In the study by Dumoulin et al. [36] , however, control subjects were invited to join one of the treatment groups after the trial, so their follow-up data are presented for all women, rather than by original group allocation. Table 2 summarizes the RCTs. All three trials were of moderate methodologic quality (PEDro score 6) with gaps in analysis by intention to treat [35] and adequacy of follow-up [28, 30] . There were important differences between the three trials in relation to participants and PFMT protocol. While Wilson and Herbison [28] and Glazener et al. [30] included women with symptoms of urinary incontinence regardless of type, the trial by Dumoulin et al. recruited only women with moderate and severe stress urinary incontinence according to a 20-minute pad test. Regarding the PFMT protocol, in Wilson and Herbison [28] the women in the treatment group saw the physical therapist on only four occasions and exercised at home alone for 9 months with either PFM exercises, vaginal cones, or a combination of both, whereas those in the Glazener et al. [30] study saw the nurse on three occasions and exercised at home for 7 months. Home exercises comprised 80-100 voluntary PFM contractions per day, for the duration of the study for both Wilson and Glazener following an exercise protocol by Millard [40] . In the study by Dumoulin et al., women participated in an intensive 8-week PFMT program including one weekly visit with the physiotherapist at which a biofeedback training session using an intravaginal electrode followed an electroneurostimulation session. Home exercise programs comprised 30 maximal voluntary PFM contractions, three contractions preceding and maintained during a cough and three PFM endurance contractions per day, for the duration of the study [35] .
Immediately after PFMT, all three trials showed a significantly improved continence status in the treatment groups. PFMT proved more effective than standard postnatal care in the studies of Wilson et al. and Glazener et al. and more effective than a placebo in the study by Dumoulin et al. Although Dumoulin's PFMT protocol seemed to have reduced urinary incontinence in a higher percentage of subjects than the Wilson and Glazener protocols, in-depth comparison between the three trials is difficult because of heterogeneity in study population and intervention. Based on a physiopathologic rationale, it is reasonable to expect that PFMT might have been Pelvic floor muscle training Dumoulin 541 A 1-year follow-up showed lasting improvement in the reduction of symptoms as measured by the Urogenital Distress Inventory questionnaire and lasting improvement in urinary incontinence-specific quality of life as measured by the Incontinence-Impact questionnaire in the study by Dumoulin et al. [36] . Comparison with a control group was impossible as subjects were reallocated to an intervention group after the study. In a follow-up to Wilson et al. [29] , 5-7 years after trial entry, the initial effects of PFMT were not sustained. On average, however, women had had a further 1.5 deliveries since the trial, and analysis was not adjusted for changes in parity. Six years after the trial began, the benefits seen at 1 year were no longer apparent in the follow-up study by Glazener et al. [31 ] , even among women who had had no further deliveries.
Thus, postnatal PFMT in the treatment of urinary incontinence persisting 3 months or more after delivery is more effective than standard postnatal care and placebos. Supervised intensive PFMT seems to be more effective than unsupervised PFMT. There is conflicting evidence about the long-term effect. The need exists for more long-term follow-up studies using supervised intensive PFMT protocols.
Conclusion
To be effective, PFMT depends on dosage. Intensity of and adherence to the training program in addition to supervision by a trained healthcare professional are of primary importance.
Supervised intensive PFMT in the prevention and treatment of urinary incontinence immediately after delivery is more effective than standard postnatal care and no treatment. PFMT in the treatment of persistent urinary incontinence 3 months or more after delivery is more effective than standard postnatal care and placebo. It is not clear whether the effect of these PFMT protocols is sustained in the long term.
Standard postnatal care does not seem to reduce the prevalence of postnatal urinary incontinence as much as PFMT. This very important issue has implications for clinical practice. Obstetrics services need to reorganize their postnatal PFM exercise instructions based on exercise physiology and PFMT literature so that all women can receive up-to-date instructions on PFMT after delivery, with a reminder to exercise.
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